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Abstract— Big  sagebrush  (Artemisia  tridentata  Nutt.)  seeds 
were  stored  in  three  different  environments:  cool,  constant 
temperature  (refrigerator  10  °C);  room  temperature  (14  to 
24  °C);  and  a  nonheated  warehouse  (-28  to  +44  °C).  In  all 
three  cases,  humidity  was  held  constant  and  equal.  Signifi- 
cant drop  in  seed  viability  occurred  first  in  the  seed  stored  in 
the  nonheated  warehouse,  followed  by  seed  stored  at  room 
temperatures,  and  then  seed  stored  at  cool  temperatures.  It 
appeared  from  this  study  and  studies  by  others  that  humidity 
control  is  more  important  to  maintaining  seed  viability  than 
temperature  control.  The  old  adage  simply  states  "store  seeds 
in  a  cool  and  dry  place"— but  first  make  sure  the  seeds  have 
been  properly  dried.  Drying  sagebrush  seed  during  the  cool, 
wet  weather  of  the  harvesting  period  creates  special  chal- 
lenges to  the  producer. 
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Big  sagebrush  (Artemisia  tridentata  Nutt.)  is  an 
important  plant  for  many  wildlife  species,  providing 
food  for  sage  grouse  (Centrocerus  urophasianus),  pygmy 
rabbit  (Brachlagus  idahoensis),  pronghorn  antelope 
(Antilocapra  americana),  mule  deer  (Odocoileus 
hemionus  hemionus),  Rocky  Mountain  elk  (Cervus 
elaphus  nelsoni),  Rocky  Mountain  cottontail  (Sylvilagus 
nuttalli),  black-tailed  jackrabbit  (Lepus  calif ornicus), 
dark-eyed  junco  (Junco  hyemalis),  horned  lark 
(Eremophila  alpestris),  Uinta  ground  squirrel  (Citellus 
armatus),  domestic  sheep  (Ovis  aries),  and  numerous 
arthropod  and  fungi  species  (Green  and  Flinders  1980; 
Kufeld  and  others  1973;  Martin  and  others  1951; 
Patterson  1952;  Shaw  and  Monson  1990;  Smith  and 
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Beale  1980;  Welch  1993, 1994;  Welch  and  Nelson  1995; 
Welch,  in  preparation).  Some  of  these  animals,  such  as 
sage  grouse,  are  obligatory  feeders  on  big  sagebrush; 
most,  such  as  mule  deer,  are  facultative  feeders.  All 
plant  aboveground  parts  (leaves,  stems,  flower  stalks, 
seeds,  and  pollen)  are  eaten  by  one  or  more  of  these 
animals. 

Big  sagebrush  plants  provide  a  preferred  nesting 
platform  for  sage  thrasher  (Oreoscoptes  montanus), 
sage  sparrow  (Amphispiza  belli),  and  Brewer's  spar- 
row (Spizella  breweri)  (Braun  and  others  1976;  Medin 
1990,  1992). 

With  gradual  acceptance  of  big  sagebrush  as  a  desir- 
able plant,  the  use  of  big  sagebrush  seed  in  revegetation 
or  restoration  projects  has  increased  dramatically  over 
the  past  10  years  (Welch  1996,  unpublished).  There  is  a 
need  for  information  about  producing,  harvesting,  dry- 
ing, cleaning,  and  storing  big  sagebrush  seed  (Booth 
and  others,  in  press;  Stevens  and  others  1981;  Welch 
1995,  1996). 

From  a  previous  study,  Welch  (1996)  found  that  big 
sagebrush  seeds  should  not  be  stored  in  environments 
with  humidities  above  32  percent.  In  this  study,  we 
tested  the  effects  of  constant  refrigerator  temperature, 
room  temperatures,  and  the  large  fluctuating  tempera- 
tures of  a  nonheated  warehouse  on  seed  viability.  In  all 
three  cases,  humidity  was  held  constant  and  equal. 

Materials  and  Methods 


Just  before  abscission  of  seeds  (dark  tan  embryos), 
all  inflorescences  from  30  different  'Hobble  Creek' 
mountain  big  sagebrush  plants  were  harvested 
(November  1986)  by  handclipper  and  placed  in  sepa- 
rate plastic  bags  (Welch  and  others  1986).  Next,  the 
inflorescences  were  dried  by  placing  the  bags  in  a 
heated  laboratory  at  22  °C  for  3  weeks.  Bags  were  left 
open  and  the  inflorescences  were  hand  stirred  twice 
each  day.  Main  stems  of  the  inflorescences  were  hand 
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stripped  of  seeds,  achenes,  floral  bracts,  and  broken 
fine  stem  and  leaves.  A  14  x  14  wires  per  inch  mesh 
screen  was  used  to  separate  fine  stems  and  intact 
leaves  from  seeds,  achenes,  floral  bracts,  and  broken 
fine  stems  and  leaves.  The  resulting  material  was 
rubbed  on  a  finely  serrated  board  to  further  free  achenes 
from  florets. 

Final  seed  cleaning  was  done  with  a  small-lot  airlift 
seed  cleaner;  the  30  seed  lots  were  cleaned  to  a  purity 
of  90  to  95  percent  (Booth  and  others,  in  press;  Welch 
1995;  Welch  and  Nelson  1995). 

Cleaned  seed  from  the  various  plants  were  placed  in 
individual  paper  seed  envelopes  that  were  randomly 
assigned  to  one  of  three  storage  environments:  (1)  cool 
constant  or  nearly  constant  temperature  (refrigerator 
10  °C),  (2)  room  temperatures  (14  to  24  °C),  and  (3)  the 
large  fluctuating  temperatures  of  a  nonheated  ware- 
house (-28  to  +44  °C).  Ten  seed  envelopes  were  as- 
signed to  each  storage  environment.  To  maintain  con- 
stant humidities,  the  seed  envelopes  of  each  storage 
environment  were  sealed  in  four  plastic  bags.  Humid- 
ity of  the  three  storage  environments  were  measured 
by  a  microprocessor-based  relative  humidity  and  tem- 
perature hygrometer  at  20  °C.  Humidities  were  nearly 
constant  at  19.2  ±  0.4  percent. 

Seed  viability  was  determined  by  using  the  tetrazo- 
lium  staining  test  (Grabe  1970)  as  outlined  by  Meyer 
and  others  (1987),  except  that  the  seeds  were  exposed 
to  the  buffered  tetrazolium  solution  for  24  hours.  Seed 
lot  viability  was  determined  at  the  beginning  of  the 
study  and  for  every  year  after  for  9  years.  Also,  seed 
moisture  was  determined  at  the  start  of  the  study  and 
measured  again  at  the  ninth  year.  Seed  moisture  was 
determined  by  placing  samples  of  the  seed  lots  into  a 
convection  oven  at  100  °C  until  constant  weight  was 
reached  and  the  percent  of  moisture  calculated. 

Two  statistical  analysis  procedures  were  performed 
on  the  seed  viability  data.  First,  one-way  analyses  of 
variance  were  done  each  year  to  detect  differences 
among  the  three  environments  (cool,  room,  and  ware- 
house), 10  replications  per  environment  (Hintze  1992). 
Alpha  level  was  set  at  5  percent.  For  significant  F, 
Newman-Keuls  multiple  range  test  was  used  to  detect 
differences  among  means. 

The  second  statistical  analysis  used  unpaired,  upper 
level  T-tests  to  compare  the  starting  seed  viability  of 
each  environment  to  each  of  the  9  years  (Hintze  1992). 


Results  and  Discussion  

It  was  not  until  1991,  or  5  years  into  the  study,  that 
a  significant  reduction  in  seed  viability  was  detected  in 
the  warehouse  (table  1).  Still,  the  5-year-old  seed  stored 


Table  1 — Big  sagebrush  seed  viability  under  three  different 
storage  environments  with  humidity  held  constant. 
Cool  storage  was  in  a  refrigerator  10  °C  (little 
temperature  fluctuation).  Room  storage  was  in  a 
heated  and  air-conditioned  room  (temperature 
fluctuation  about  1 0  °C).  Warehouse  storage  was 
in  a  nonheated  warehouse  (temperatures 
fluctuation  about  68  °C).  Data  are  expressed  as 
means  and  standard  deviations  of  the  percent  of 
live  seeds. 


Year 

Cool 

Room 

Warehouse 

1986 

96.7  ±  1.5a 

96.3 

±  1.2a 

96.4  ±  1.6a 

1987 

n97.2  ±  1 .4a 

n95.5 

±2.2a 

n97.8  ±1.1" 

1988 

n96.2  ±  2.0a 

n96.3 

±  1.8a 

87.3  ±  4.8* 

1989 

n96.3  ±  1.6a 

n96.0 

±  1.9a 

n95.7  ±  1.73 

1990 

n95.7  ±  2.0a 

n95.2 

±  1.8a 

n93.5  ±  1.9a 

1991 

n96.5  ±  1.9a 

"95.1 

±2.3a 

s91.9  ±  4.2b 

1992 

n95.2  ±  2.2a 

n94.6 

±  1.9a 

s89.3  ±  4.7b 

1993 

n95.5  ±2.1a 

s81.2 

±16.3b 

^IS  ±12.3° 

1994 

s93.8  ±2.1a 

s70.2 

±17.2* 

s51.0  ±17.5C 

1995 

s92.1  ±  3.3a 

s53.8 

±20.2b 

s25.9  *14.5C 

Means  in  rows  sharing  the  same  superscripts  are  not  significantly 
different  at  the  5  percent  level. 

Means  in  columns  with  an n  are  not  significantly  different  from  the 
1986  seed  viability  (a  =  0.05).  Those  with  an  s  are  significantly 
different. 

*an  anomaly  in  the  data  set,  cause  unknown. 


in  the  warehouse  at  constant  humidity  but  widely 
fluctuating  temperatures  had  a  seed  viability  of  91.9 
percent.  From  1991,  warehouse  seed  declined  in  seed 
viability  to  25.9  percent  in  1996,  or  in  the  ninth  year  of 
the  study.  Seed  stored  at  room  temperature  showed 
significant  reduction  in  seed  viability  compared  to  cool 
storage  in  1993,  or  7  years  into  the  study.  However, 
seed  viability  for  7-year-old  seed  was  81.2  percent.  This 
decline  continued  to  53.8  percent  in  1995,  or  9  years 
into  the  study.  For  seed  stored  at  cool,  nearly  constant 
temperature  and  humidity,  significant  reduction  in 
seed  viability  from  the  start  of  1986  did  not  occur  until 
1994,  or  8  years  into  the  study;  still  the  seed  viability 
was  93.8  percent  and  92.1  percent  for  1995,  the  ninth 
year  of  the  study. 

Mean  seed  moisture  at  the  start  of  the  experiment 
was  7.4  percent  with  a  standard  deviation  of  ±0.22. 
After  9  years,  the  mean  seed  moisture  was  5.4  percent 
with  a  standard  deviation  of  ±0.37  or  a  reduction  of 
about  2  percentage  points.  Welch  (1996),  studying  the 
effects  of  humidity  on  storing  big  sagebrush  seed, 
reported  significant  seed  drying  in  humidities  below  32 
percent.  Apparently,  the  paper  seed  envelopes  the  seed 
was  stored  in  absorbed  water  vapor  and  created  a  low 
enough  humidity  to  dry  the  seed  further. 
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Conclusions  

With  humidity  held  constant  at  19  percent,  the  cool 
environment  with  less  temperature  fluctuation  held 
high  seed  viability  (70  percent  or  higher)  longer.  Ware- 
house environment  with  its  widely  fluctuating  tem- 
peratures was  the  worst,  although  it  held  high  seed 
viability  for  6  years.  Stevens  and  others  (1981)  re- 
ported maintaining  high  seed  viability  in  a  nonheated 
warehouse  for  3  years. 

Three  important  keys  in  storing  big  sagebrush  seed 
at  high  seed  viability  are:  seed  moisture,  storage  hu- 
midity, and  temperature.  Welch  (1996)  studying  the 
effects  of  humidities  on  storing  big  sagebrush  seed, 
reported  trouble  with  seed  viability  when  seed  mois- 
ture exceeded  9  to  10  percent.  In  this  study,  starting 
seed  moisture  was  7.4  percent.  For  the  commercial 
suppliers  of  big  sagebrush  seed,  it  is  important  to 
recognize  the  difficulties  of  drying  seed  below  10  per- 
cent during  the  cold,  wet  weather  that  occurs  during 
harvesting  periods.  Forced  air  heaters  are  probably 
needed,  and  drying  should  be  started  as  soon  as  pos- 
sible. Big  sagebrush  seed  can  tolerate  being  heated  to 
60  °C  for  48  hours  (Welch  1996),  although  using  lower 
temperatures  is  more  economically  desirable. 

Drying  big  sagebrush  seed  during  the  cold,  wet 
weather  of  the  harvesting  period  creates  special  chal- 
lenges to  the  commercial  suppliers  who  do  not  have  the 
facilities  for  humidity  or  temperature  control.  Storing 
properly  dried  sagebrush  seed  in  plastic  bags  may  be  a 
good  alternative.  It  appears  from  this  study  and  from 
Welch  (1996)  that  humidity  control  is  more  important 
for  maintaining  seed  viability  than  temperature  con- 
trol. The  old  adage  simply  states  "store  seeds  in  a  cool 
and  dry  place"— but  first  make  sure  the  seed  has  been 
properly  dried. 
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